INTRODUCTION
In the past 30 years, the incidence of non-alcoholic fatty liver disease (NAFLD) has been increasing owing to changes in dietary habits and Western lifestyles in the Asia-Pacific region 1 . Liver damage by NAFLD causes hepatic metabolic dysfunction. NAFLD is the most common chronic liver disease and is associated with an increase in serum alanine transaminase, as well as disorders such as benign macrovesicular hepatosteatosis, non-alcoholic steatohepatitis, hepatic fibrosis, cirrhosis of the liver, and hepatocellular carcinoma 2 ; moreover, increased triglyceride levels are associated with these tissue changes. In particular, the accumulated fat in NAFLD can increase oxidative stress 3 in the liver and cause chronic damage to it 4 .
There is a growing interest in berries as a food for reducing oxidative stress caused by reactive oxygen species because berries have both antioxidant vitamins and enzymes such as superoxide dismutase, glutathione peroxidase, and glutathione reductase, as well as phytochemicals with distinct flavors, odors, and colors and antioxidant functions at the same time 5 . Blue honeysuckle (BH, Lonicera caerulea L.) is known to contain higher vitamin C, total phenolic content, and total anthocyanin content than tomato, bilberry, sea-buckthorn, black currant and Siberian rhubarb 6,7 and to prevent liver damage 8- 10 . BH (L. cearulea) has been domesticated from 1913; however, an earlier example was reported in 1894 in a horticulture plant in Russia 11 . BH is known as haskap or hasukappu in Japan and zhimolost in Russia 7 .
Wu and colleagues 9 evaluated the effects of BH extract on highfat dietary nonalcoholic liver injury in a mouse model after 45 days of BH extract feeding. They determined the effects of BH on the nuclear factor (erythroid-derived 2) -like 2 (Nrf2) and manganese-dependent superoxide dismutase (MnSOD) up-regulation in nonalcoholic steatohepatitis. However, in the BH extract manufacturing process, Chinese HB extract extracted using 75% of ethanol is limited to use as food. Recently, a high-fat diet treated mouse model was used to directly compare the NAFLD improvement of the AMPK activator Metformin and mild obesity by taking BH extract for 12 weeks. As a result, BH extract treatment showed an improvement of NAFLD by ingesting 400 mg/kg BH extract, which is similar to Metformin treatment 10 . However, the consumption of 400 mg/kg needed in the mouse model is not economically feasible due to the consumption of at least 2 g/day on a human basis. The pectinase enzyme used in the manufacturing process of BH extract described by Kim and colleagues 10 is also used in the production of animal feeds and is restricted to intake as actual food. BH is known to be harvested in Russia, northeastern Asia (China, Japan, and Korea), but in in vitro studies have reported that the antioxidant activity of BH harvested in Korea is superior to that of BH harvested in China 12 . If the economic efficiency and systematicity of the manufacturing process are established in accordance with the ameliorating effect using Chinese BH has on NAFLD 10 , a method of using BH as a NAFLD preventive food will be provided.
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Therefore, the present study aims to confirm the ameliorating effect using BH grown in Korea has on NAFLD by feeding optimized BH extract which can be consumed as normal food to high-fat diet-fed mice.
METHODS

Animals and husbandry
A total of one hundred female SPF/VAF CrljOri:C-D1[ICR] mice (6-wk old upon receipt; Orient Bio, Sungnam, Korea) were used after acclimatization for 7 days. Animals were allocated 4 to 5 per polycarbonate cage in a controlled room under temperature set at 20-25°C and humidity set at 40-45%. The light/dark cycle was 12 hrs, and standard rodent chow (Cat. No. 38057; Purinafeed, Seungnam, Korea) and water were supplied free to access. Adapted animals to High Fat Diet (HFD) were selected at 1 week of adaption period as 6 groups (eight mice in each group, 40 HFD-fed mice, 8 normal diet-fed mice and 8 Metformin mice): 1) Healthy control: 10 mL/kg of distilled water were orally administered to mice with NFD supply, 2) HFD control: 10 mL/kg of distilled water were orally administered to mice with HFD supply, 3) Metformin: 250 mg/kg of metformin were orally administered to mice with HFD supply, 4) BH extract 400: 400 mg/ kg of BH extract were orally administered to mice with HFD supply, 5) BH extract 200: 200 mg/kg of BH extract were orally administered to mice with HFD supply, 6) BH extract 100: 100 mg/kg of BH extract were orally administered to mice with HFD supply (Fig.1 ). All laboratory animals were treated according to the national regulations of the usage and welfare of laboratory animals and approved by the Institutional Animal Care and Use Committee in Daegu Hany University (Gyeongsan, Gyeongbuk, Korea) prior to animal experimentation.
Preparation and administration of test substances
BH extract was prepared and supplied by Aribio Co. Ltd. (Seongnam, Korea) as a red colored powder and stored at 4°C in a refrigerator to protect from light and humidity until use. After grinding the raw material of the blue honeysurckle berries (Lonicera caerulea L.), 5 times of water is added to the raw material, and extraction is carried out at room temperature 25°C for 3-5 hours. The extraction was squeezed and filtered, followed by centrifugation at 12,000 rpm using a high-speed centrifuge, and then lyophilized at 55-65°C after concentration (10 brix). The BH extract used in this study contained 1.7% of Cyanidin-3-O-glucoside (C3G), which was determined by high performance liquid chromatography analysis. White powders of metformin hydrochloride (Wako, Osaka, Japan) were used as reference recommendation drugs as follows. Appropriate amounts of BH extract were dissolved in distilled water as 40, 20 and 10 mg/mL concentration, and were orally administered once a day for 84 days in a volume of 10 mL/kg (equivalent to 400, 200 and 100 mg/kg), using a stainless zonde attached to 1 mL syringe , from 1 weeks after initial HFD supply. In addition, metformin HCl was dissolved in distilled water in a concentration of 25 mg/mL and also orally administered in a volume of 10 mL/kg, equivalent to 250 mg/kg, once a day for 84 days from 1 week after initial HFD supply. In the intact vehicle 
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and HFD control mice, equal volumes of distilled water were also orally administered, instead of test substances to provide the same restraint stresses caused by gastric gavages. The dosage of BH extract was selected as 400, 200 and 100 mg/kg considering the results of our previous studies 9, 10 , and administration volume was decided to 10 mL/kg, the general dosing volume in mice [KFDA Guidelines, Notification No. 2015-082, 2015], in the current experiment. The dose levels of metformin, 250 mg/kg were also selected based on our previous studies 13, 14 .
Body and organ weight change
Changes of body weight were measured at 8 days (immediately before the start of HFD supply), 1 day before initiation of administration, on the initial administration day and then weekly until termination of the study. The weight was determined by using an automatic electronic balance (XB320M, Precisa Instrument, Zuerich, Switzerland). At initiation and at termination of administration, all experimental animals were fasted overnight (water was not withheld; about 12 hrs) to reduce the differences from feeding. The fasting before we started the experiment was to maximize the effect of feeding with feed, and the fasting on the last day of the experiment was due to the dissection to confirm the effects of the drug administration. In addition, body weight gains were additionally calculated during adaptive periods (from Day -8 to Day 0 of test article-administration) and administration periods (from Day 0 to Day 84 of test article-administration).
Mean daily food consumption
Diets (150 g in each individual cage) were supplied, and remainder amounts of supplied diets were measured at 24 hours by using an automatic electronic balance (XB320M, Precisa Instrument, Zuerich, Switzerland). The measured daily food consumption was then divided by reared animal numbers in the same cages. These were regarded as the individual mean daily food consumption of mice (g/day/mice) and calculated as [Amounts of supplied diets (150 g) -Amounts of remainder supplied diets after 24 hours]/reared head of mice. These measurements were conducted once a week in the 84 days of administration periods 13,14 .
Body fat and abdominal fat density
The mean fat densities of the total body and abdominal cavity regions of each mouse were detected by in live DEXA (InAlyzer; Medikors, Seungnam, Korea) once at the end of the 84 days of continuous treatment with test material administration.
Serum biochemistry analyses
Some collected blood samples from the vena cava at 84 days after initial test substance treatment under inhalation anesthesia, were deposited into clotting activated serum tubes, and centrifuged at 15,000 rpm for 10 minutes at room temperature. Serum aspartate transaminase (AST), alanine aminotransferase (ALT), alkaline phosphatase (ALP), lactate dehydrogenase (LDH), γ-glutamyltransferase (GGT), creatinine, and cholesterol family levels were measured using an automated blood analyzer (Dri-Chem NX500i; Fuji Medical System Co., Ltd., Tokyo, Japan), after stored in an ultra deep freezer (MDF-1156, Sanyo, Tokyo, Japan) at -150ºC.
Measurement of lipid compositions in the feces
Lipids were extracted from the feces collected at 8 hours after the last test substance administration, according to the method of Folch et al. 16 . The concentrations of fecal total cholesterol (TC) and triglycerides (TG) were measured by a colorimetric assay using a commercial kit (TC colorimetric assay kit, Cat. No. 100102303, Cayman, Ann Arbor, MI, USA; Total Cholesterol Assay Kit (Colorimetric), Cat. No. STA-384, Cell Biolabs, San Diego, CA, USA) using a microplate reader (Sunrise, Tecan, Männedorf, Switzerland).
Liver lipid peroxidation and antioxidant defense system
After measurements of organ weights, the MDA and GSH contents and the CAT and SOD enzyme activities in mouse hepatic tissues were assessed. Separated hepatic tissues were weighed and homogenized in ice-cold 0.01 M Tris-HCl (pH 7.4) using a bead beater (TacoTMPre, Ge-neResearch Biotechnology Corp., Taichung, Taiwan) and an ultrasonic cell disruptor (KS-750, Madell Technology Corp., Ontario, CA, USA), and then centrifuged at 12,000 × g for 15 minutes as described by Kavutcu et al. 16 . Tissue homogenates were stored in an ultra deep freezer at -150 ºC until analysis. The concentration of liver lipid peroxidation was determined by estimating MDA using the thiobarbituric acid test and a UV/Vis spectrophotometer (OPTIZEN POP, Mecasys, Daejeon, Korea) at absorbance 525 nm, as nM of MDA/mg protein [Jamall and Smith, 1985] . The content of total protein was measured by using a previously described method 17 using bovine serum albumin (Invitrogen, Carlsbad, CA, USA) as an internal standard. Prepared hepatic homogenates were mixed with 0.1 mL of 25% trichloroacetic acid (Merck, West Point, CA, USA), and then centrifuged at 4,200 rpm for 40 min at 4 ºC. GSH contents were spectrophotometrically measured at an absorbance of 412 nm using 2-nitrobenzoic acid (Sigma-Aldrich, St. Louise, MO, USA). Decomposition of H2O2 in the presence of CAT was detected at 240 nm using a spectrophotometer. CAT activity was defined as the amount of enzyme required to decompose 1 nM of H2O2 per minute at 25 °C and pH 7.8. Results were expressed as U/mg protein. Measurements of SOD activities were made according to Sun et al. 18 . SOD estimation was based on the generation of superoxide radicals produced by xanthine and xanthine oxidase, which react with nitrotetrazolium blue to form a formazan dye. SOD activity was then spectrophotometrically measured at 560 nm as the degree of inhibition of this reaction and expressed as U/mg protein.
One unit of SOD enzymatic activity is equal to the amount of enzyme that diminishes the initial absorbance of nitro- 
Analysis of hepatic glucose-regulating enzyme activity
Hepatic tissue weighing 0.3 g was homogenized in buffer solution (0.1 M triethanolamine, 0.2 M EDTA, and 0.002 M dithiothreitol) and centrifuged at 1,000 × g for 15 min at 4 °C. The supernatant was further centrifuged at 10,000 × g for 15 min at 4 °C. The GK activity was measured according to the method described by Davidson and Arion [1987] with slight modifications. 0.98 mL of the reaction mixture (50 mM Hepes-NaGT (pH 7.4), 100 mM KCl, 7.5 mM MgCl2, 2.5 mM dithioerythritol, 10 mg/mL albumin, 10 mM glucose, 4 units of glucose-6-phosphate dehydrogenase, 50 mM NAD+, and 10 μl hepatic tissue homogenates) was pre-incubated at 37 °C for 10 min. The reaction was initiated with the addition of 10 μl of 5 mM ATP and the mixture was incubated at 37 °C for 10 min. The change in absorbance at 340 nm was recorded. The G6pase activity was measured based on the method of Alegre et al. [1988] . The reaction mixture contained 765 μl of 131.58 mM Hepes-NaGT (pH 6.5), 100 μl of 18 mM EDTA (pH 6.5), 100 μl of 265 mM glucose-6-phosphate, 10 μl of 0.2 M NADP+, 0.6 IU/mL mutarotase, and 0.6 IU/mL glucose dehydrogenase. After pre-incubation at 37 °C for 3 min, the mixture was added to 5 μl hepatic tissue homogenates and incubated at 37 °C for 4 min. The change in absorbance at 340 nm was measured. The PEP-CK activity was measured using the method of Bentle and Lardy [1976] . The reaction mixture contained 72.92 mM sodium Hepes (pH 7.0), 10 mM dithiothreitol, 500 mM NaHCO3, 10 mM MnCl2, 25 mM NADH, 100 mM IDP, 200 mM PEP, 7.2 units of malic dehydrogenase, and 10 μl of hepatic tissue homogenate. The enzyme activity was determined based on the decrease in the absorbance of the mixture at 340 nm at 25 °C using a UV/Vis spectrophotometer (OPTIZEN POP, Mecasys, Daejeon, Korea). All chemicals and reagents used in this hepatic enzyme activity measurement were obtained from Sigma-Aldrich (St. Louise, MO, USA).
Real-time RT-PCR (polymerase chain reaction) analysis
The ACC1, AMPKα1 and AMPKα2 mRNA expressions in the prepared hepatic tissues and the leptin, UCP2, adiponectin, C/EBPα, C/EBPβ and SREBP1c mRNA expressions in the periovarian adipose tissue were determined by real-time polymerase chain reaction (RT-PCR). Briefly, RNA was extracted using Trizol reagent (Invitrogen, Carlsbad, CA, USA). The RNA concentrations and quality were determined by CFX96 TM Real-Time System (Bio-Rad, Hercules, CA, USA). To remove contaminating DNA, samples were treated with recombinant DNase I (DNA-free; Ambion, Austin, TX, USA). RNA was reverse transcribed using the reagent High-Capacity cDNA Reverse Transcription Kit (Applied Biosystems, Foster City, CA, USA) according to the manufacturer's instructions. The analysis was carried out using ABI Step One Plus Sequence Detection System (Applied Biosystems, Foster City, CA, USA), and their expression levels were calcu- lated as relative to vehicle control. The following thermal conditions were applied: 10 min at 94°C and 39 cycles of 15 sec at 94°C, 20 sec at 57°C and 30 sec at 72°C. The data was normalized based on the GAPDH mRNA expression, using the comparative threshold cycle method. The oligonucleotide primer sequences used for PCR are listed in Table 1 .
Histopathology
After measuring of organ weights, some parts of the left lateral lobes of the liver, left kidney, splenic lobes of the pancreas, left periovarian fat pads and the abdominal wall deposited fat pads attached to the muscularis quadratus lumborum were fixed in 10% neutral buffered formalin. After paraffin embedding using automated tissue processor (Shandon Citadel 2000, Thermo Scientific, Waltham, MA, USA) and embedding center (Shandon Histocentre 3, Thermo Scientific, Waltham, MA, USA), 3-4 μm serial sections were prepared using a microtome (RM2255, Leica Biosystems, Nussloch, Germany). Representative sections were stained with hematoxylin and eosin (HE) for light microscopic examination (Eclipse 80i; Nikon, Tokyo, Japan). After that, the histological profiles of individual organs were observed. Alternatively, portions of the liver that had been dehydrated in 30% sucrose solutions were sectioned by cryostat for staining with oil red. To observe histopathological changes in more detail, the steatohepatitis regions and mean hepatocyte diameters (under HE staining) were calculated using an automated image analysis process (Model iSolution FL ver 9.1; IMT i-solution Inc., Vancouver, Quebec, 2012) 14,19,20 . Steatohepatitis regions, the percentage of fatty deposited regions in the hepatic parenchyma, were calculated as percentages of lipid deposited regions between the restricted histological view field of the liver (%/mm 2 of hepatic parenchyma) under cryostat and oil red staining. The mean diameters of he-patocytes were also calculated in the restricted view fields on a computer monitor under paraffin embedding and HE staining using an automated image analysis process as μm; at least 10 hepatocytes per view field of the liver were considered. In addition, mean numbers of lipid droplets deposited in vacuolated renal tubules were also calculated using an automated image analysis process among 100 tubules (number/100 tubules; at 1 field of sample) and mean diameters of white adipocytes in each fat pad were calculated in the restricted view fields on a computer monitor using an automated image analysis process as μm; at least 10 white adipocytes per fat pad were considered. The thickness of deposited periovarian and abdominal wall fat pads (mm), the mean areas occupied by zymogen granules (%/mm2 of pancreatic parenchyma), the numbers of pancreatic islets (islets/10 mm2 of pancreatic parenchyma) and the diameters of pancreatic islets (μm) were also measured using an automated image analysis process. The histopathologist was blinded to group distribution when this analysis was made.
Statistical analysis
All numerical values are expressed as mean ± standard deviation (SD) of 8 mice. Multiple comparison tests for different dose groups were conducted. Variance homogeneity was examined using the Levene test. If the Levene test indicated no significant deviations from variance homogeneity, the obtained data was analyzed by ANOVA test followed by least-significant differences multi-comparison (LSD) test to determine which comparison of pairs of groups was significantly different. In the case where significant deviations from variance homogeneity were observed using the Levene test, a non-parametric comparison test, Kruskal-Wallis H test, was conducted. When a significant difference was observed in the Kruskal-Wallis H test, the Mann-Whitney U (MW) test was conducted 
RESULTS
Changes in organ and tissue weight
Adapted mice showed an increased regular body weight compared with healthy controls during the first week of HFD supply (healthy control: mean 30.88±1.55 g, range 28.70~33.10 g; HFD-fed group: mean 34.73±1.22 g, range 32.60~36.20 g); consequently, the HFD control mice showed a significant increase in body weight when compared with intact mice from the first week after HFD supply (F=34.52, p<0.01), and the body weight gains during 7 days of HFD adaption and 84 days of administration periods were also significantly increased compared with the intact control (F=43.10, p <0.01). However, significant decreases in body weights were detected in metformin 250 mg/kg-treated mice from 42 days after the start of administration, and from 35, 42 and 49 days after start of administration in BH extract 400, 200 and 100 mg/kg-treated mice when compared with the HFD control (F=9.144, p<0.01 or F=6.654, p<0.05). The body weight gain during 84 days of administration was also significantly decreased in the metformin 250 mg/kg and the BH extract 400, 200 and 100 mg/kg-treated mice compared with the HFD control (F=66.01, p<0.01). Especially, mice treated with all 3 different dosages of BH extract, 400, 200 and 100 mg/kg also showed obvious dose-dependent decreases in body weight and body weight gain during 84 days of the administration period. The metformin 250 mg/kg-treated group yielded comparable results to the BH 200 mg/kg-treated group in the present study (Table 2) ( Fig. 2 ). The body weight gains during the 84 days of the administration period in the HFD control group were changed 229.08% when compared with the intact control group, but they were changed as -36.03, -53.03, -36.98 and -25.15% in the metformin 250 mg/kg-treated group and in the BH 400, 200 and 100 mg/kg-treated mice, respectively, when compared with the HFD control group.
The absolute liver weights also exhibited a significant increase in the HFD control mice compared with the healthy control mice (F=543.82, p <0.05). However, these increases in absolute liver weights were significantly normalized by treatment of all four test substances, including BH 400 mg/kg, compared with HFD control mice (F=202.20, p<0.01). Especially, mice treated with all three different dosages of BH 400, 200 and 100 mg/kg also showed definitive dose-dependent decreases in the liver absolute weights. The decreases in the metformin 250 mg/kg-treated group and the BH 200 mg/kg-treated group were comparable. No significant changes on the relative liver weights were noticed in mice treated with the 4 test materials when compared with those of HFD control mice ( Table 2 ). The absolute liver weights in the HFD control changed by 66.49% compared with the intact control, but 
Effects on food consumption
Although significant decreases in the mean daily food consumptions were detected in all HFD-fed mice compared with the intact control group (F=161.03, p<0.01), no meaningful or significant changes on the mean daily food consumptions were detected in all test substance administered groups, including the BH extract 400 mg/ kg treated group, when compared with the HFD control (Table 2 ). The mean daily food consumption during the 84 days of the administration period in the HFD control group was changed by -16.12% compared with the intact control group, but they were changed by 1.29, 0.31, 0.39 and -0.17% in the metformin 250 mg/kg-treated group and the BH extract 400, 200 and 100 mg/kg-treated mice respectively compared with the HFD control.
Serum biochemical analysis
Significant increases in serum AST, ALT, ALP, LDH, GGT, and BUN levels were detected in the HFD control group (F=10.94, p<0.01). However, decreases in serum AST, ALT, ALP, LDH, GGT, BUN, and creatinine levels compared with the HFD control group were observed in all treatment groups. All BH extract treated groups resulted in a dose-dependent decrease in AST, ALT, ALP, LDH, GGT, BUN and creatinine levels compared with the HFD control mice (Table 4 )
Significant increases in serum total cholesterol (TC), triglycerides (TG), low-density lipoprotein (LDL) levels were detected in the HFD control group (F=13.02, p<0.01). However, a decrease in serum TC, TG, and LDL-C levels compared with the HFD control group were observed in all treatment groups ( Table 5 ). Although non-significant slight increases of fecal TC and TG contents were detected in the HFD control group compared with the intact control group, the fecal TC and TG contents in mice treated with all 4 test materials, including metformin 250 mg/kg, were significantly elevated compared with the HFD control mice (F=7.67, p<0.01 or F=7.26, p<0.05). Especially, all three different groups of mice treated with BH extracts, 400, 200 and 100 mg/ kg, also showed obvious dose-dependent increases in the fecal TC and TG contents. The increase in the metformin 250 mg/kg treated group was comparable to that of the BH extract 200 mg/kg-treated group. The fecal TC contents in the HFD control were changed by 13.57% as compared with the intact control group, but they were changed by 110.19, 245.38, 119.27 and 54.55% in the metformin 250 mg/kg-treated group and the BH extract 400, 200 and 100 mg/kg-treated mice, respectively, compared with the HFD control group. The fecal TG contents in HFD control were changed by 14.00% compared with the intact control group, but they were changed by 107.00, 247.95, 108.08 and 55.28% in the metformin 250 mg/kg-treated group and the BH extract 400, 200 and 100 mg/kg-treated mice, respectively, compared with the HFD control group.
Effects on lipid peroxidation and the antioxidant defense system
Significant increases in liver lipid peroxidation, seen as hepatic MDA content elevations, were detected in the HFD control group compared with the intact control group (F=18.88, p<0.01), but they were significantly normalized by treatment of mice with all four test materials, including the BH extract 400 mg/kg, when compared with the HFD control mice group (F=17.51, p<0.01). Especially, mice treated with all 3 different dosages of BH extracts, 400, 200 and 100 mg/kg, also showed obvious dose-dependent decreases in hepatic lipid peroxidation, seen as hepatic MDA contents, where those in the metformin 250 mg/kg treated group yielded comparable results to those in the BH extract 200 mg/kg-treated group ( Table 6 ). The hepatic lipid peroxidation in the HFD control group was changed by 1153.81% compared with the intact control, but they were changed by -33.17, -58.62, -34.45 and -23.23% in the metformin 250 mg/kg and BH extract 400, 200 and 100 mg/kg-treated mice respectively compared with the HFD control group.
Significant decreases in hepatic GSH contents, a representative endogenous antioxidant, were detected in the HFD control group compared with the intact control group (F=7.29, p<0.01). However, the hepatic GSH contents were significantly and dramatically increased in mice treated with all test substances, including the BH extract 200 mg/kg, when compared with the HFD control mice (F=11.01, p<0.01 or F=8.81, p<0.05 ). Especially, all 3 different groups of mice treated with BH extract, 400, 200 and 100 mg/kg, also showed definitive dose-dependent increases of the hepatic GSH contents. The metformin 250 mg/kg treated group yielded comparable results to the BH extract 200 mg/kg-treated group ( Table 6 ). The hepatic GSH contents in the HFD control group were changed by -83.59% compared with the intact control group, but they were changed by 163.01, 339.01, 176.80 and 113.99% in the metformin 250 mg/kg and BH extract 400, 200 and 100 mg/kg-treated mice, respectively, when compared with the HFD control group.
Significant decreases in hepatic CAT activities, a representative endogenous antioxidant enzyme, were detected in the HFD control group compared with the intact control group (F=9.10, p<0.01), but these decreases in hepatic CAT activities were significantly normalized by treatment with all four test materials, including the BH extract 100 mg/kg, when compared with the HFD control group (F=10.02, p<0.01) . Especially, mice treated with all three different dosages of BH extract, 400, 200 and 100 mg/kg, also showed dose-dependent increases in hepatic CAT activities. The metformin 250 mg/kg-treated group yielded similar results to the BH extract 200 mg/kg-treated group ( Table 6 ). The hepatic CAT activities in the HFD control group were changed by -83.20% compared with the intact control group, but they were changed by 177.96, 324.77, 176.45 and 106.08% in the metformin 250 mg/kg and BH 400, 200 and 100 mg/kg-treated mice, respectively, compared with the HFD control group.
Significant decreases in hepatic SOD activities, another representative endogenous antioxidant enzyme, were detected in the HFD control group compared with the intact control group (F=12.71, p<0.01) , but they were significantly normalized by treatment with all four test materials, including metformin 250 mg/kg, when compared with the HFD control mice (F=9.10, p<0.01) . Especially, mice 
Effects on body fat density and total and abdominal fat mass
Significant increases in total body and abdominal fat densities were detected in the HFD control group as compared with the intact control group (F=8.10, p<0.01 
Effects on adipocyte histopathology analysis
Significant increases in periovarian and abdominal white adipocyte diameters and thicknesses of each deposited fat pads were detected in the HFD control group compared with the intact control group (F=9.29, p<0.01). However, this hypertrophy of adipocytes and fat depositions were significantly inhibited by treatment with all 4 test substances including BH extract 400 mg/kg, compared with the HFD control group (F=10.12, p<0.01). Especially, all 3 different groups of mice treated with the BH extract, 400, 200 and 100 mg/kg, also showed clear dose-dependent decreases in the periovarian and abdominal wall deposited white adipocyte diameters and thicknesses of each deposited fat pad. The metformin 250 mg/kg-treated group yielded comparable results to the BH 200 mg/kg-treated group ( Table 7) . The deposited periovarian fat pad thickness in the HFD control group was changed by 256.05% compared with the intact control group, but was changed by -30.74, -42.00, -31.12 and -22.59% in the metformin 250 mg/kg and BH extract 400, 200 and 100 mg/kg-treated mice, respectively, compared with the HFD control group. The mean periovarian white adipocyte diameter in the HFD control group was changed by 206.39% compared with the intact control group, but was changed by -40.93, -52.06, -42.03 and -27.77% in the metformin 250 mg/kg and BH extract 400, 200 and 100 mg/kg-treated mice, respectively, compared with the HFD control group. The abdominal wall deposited fat pad thickness in the HFD control group was changed by 267.34% compared with the intact control group, but was changed by -23.67, -35.23, -23.53 and -19.68% in the metformin 250 mg/kg and BH extract 400, 200 and 100 mg/kg-treated mice, respectively, compared with the HFD control group. The mean abdominal wall deposited fat pad white adipocyte diameter in the HFD control group was changed by 204.72% compared with the intact control group, but was changed by -30.68, -45.09, -32.85 and -19.82% in the metformin 250 mg/kg and BH extract 400, 200 and 100 mg/kg-treated mice, respectively, compared with the HFD control group.
Effects on the exocrine pancreas zymogen granule content
Significant decreases in the exocrine pancreas zymogen granule contents (the percentages of exocrine pancreas occupied by zymogen granules) were detected in the HFD control group compared with the intact control group, resulting from a release of zymogen granules (F=12.07, p<0.01). However, exocrine pancreas zymogen granule contents were significantly increased in all test drug-treated mice groups compared with the HFD control group, including the BH extract 200 mg/kg treated group (F=11.04, p<0.01 ). Especially, all three different groups of BH extract 400, 200 and 100 mg/kg-treated mice also showed obvious dose-dependent increases in the percentage of the regions of exocrine pancreas occupied by zymogen granules. The metformin 250 mg/kg-treated group yielded comparable results to the BH extract 200 mg/kg treated mice, in our experiment ( Table 8 ). The percentage regions of exocrine pancreas occupied by zymogen granule in the HFD control group were changed by -63.71% compared with the intact control group, but they were changed by 83.41, 135.80, 86.31 and 58.61% in the metformin 250 mg/kg and BH 400, 200 and 100 mg/kg-treated mice, respectively, compared with the HFD control 
Effects on hepatocyte hypertrophy
Significant increases in mean hepatocyte diameters (hypertrophy) were detected in the HFD control group compared with the intact control group (F=10.11, p<0.01). However, these hepatocyte hypertrophies were markedly and significantly decreased in mice treated with all 4 test substances, including metformin 250 mg/kg, compared with the HFD control group (F=8.87, p<0.01). Especially, mice treated with all three different dosages of the BH extract, 400, 200 and 100 mg/kg, also showed clear dose-dependent decreases in hepatocyte hypertrophy, the mean diameters of hepatocytes. The metformin 250 mg/kg-treated group yielded comparable results to the BH extract 200 mg/kg-treated group (Table 9) (Fig. 3) . The mean hepatocyte diameter in the HFD control group was changed by 93.60% compared with the intact control group, but was changed by -22.14, -29.73, -22.48 and -15.47% in metformin 250 mg/kg and BH extract 400, 200 and 100 mg/kg-treated mice, respectively, compared with the HFD control group.
Significant increases in steatohepatitis (percentages of fatty changed regions in the liver parenchyma) were detected in the HFD control group compared with the intact control group, resulting from severe hypertrophy of hepatocytes related to the intracellular lipid depositions (F=12.87, p<0.01). However, the presence of steatohepatitis was significantly normalized by treatment with all 4 test substances, including BH extract 100 mg/kg, compared with the HFD control group (F=11.82, p<0.01). Especially, all three different groups of BH extract 400, 200 and 100 mg/kg-treated mice also showed dose-dependent decreases in the steatohepatitis regions, where the metformin 250 mg/kg-treated group yielded comparable results to the BH extract 200 mg/kg-treated group (Table  9 , Fig. 3 ). The steatohepatitis regions in the HFD control group were changed by 716.49% compared with the intact control group, but they were changed by -32.96, -56.81, -32.61 and -21.48% in the metformin 250 mg/kg and BH extract 400, 200 and 100 mg/kg-treated mice, respectively, compared with the HFD control group.
Effects on hepatic enzyme activity
Significant decreases in hepatic Glucokinase (GK) activities, a hepatic enzyme utilizing blood glucose, were detected in the HFD control group compared with the intact control group (F=13.01, p<0.01), but they were significantly normalized by treatment with all 4 test materials, including BH extract 400 mg/kg, compared with the HFD control mice (F=10.88, p<0.01 or F=6.95, p<0.05). Especially, mice treated with all 3 different dosages of BH extract, 400, 200 and 100 mg/kg, also showed obvious dose-dependent increases in hepatic GK activities. The metformin 250 mg/kg-treated group yielded comparable results to the BH extract 200 mg/kg treated group (Table  10 ). The hepatic GK activities in the HFD control group were changed by -84.03% compared with the intact control, but they were changed by 121.17, 226.63, 120.11 and 66.58% in the metformin 250 mg/kg and BH extract 400, 200 and 100 mg/kg treated mice, respectively, compared with the HFD control group.
Significant increases in hepatic G6pase activities, one of the gluconeogenesis hepatic enzymes, were detected in the HFD control group compared with the intact control group (F=9.64, p<0.01), but they were significantly normalized by treatment with all four test materials, including BH extract 200 mg/kg, compared with the HFD control mice (F=8.98, p<0.01). Especially, mice treated with all 3 different dosages of BH extract, 400, 200 and 100 mg/kg, also showed obvious dose-dependent decreases in the hepatic G6pase activities. The metformin 250 mg/ kg-treated group yielded comparable results to the BH extract 200 mg/kg treated group, in this detection (Table   Values are 
Effects on expression of lipid metabolism-associated gens
Significant increases in hepatic tissue ACC1, adipose tissue leptin, C/EBPα, C/EBPβ (F=12.11, p<0.01), and SREBP1 mRNA expressions and a significant decrease in hepatic AMPKα1, AMPKα2, adipose tissue UCP2, and adiponectin mRNA expressions were observed in the HFD control group (F=7.21, p<0.05) (Table 11 ). Specifically, all 3 different groups of BH extract 400, 200 and 100 mg/kg-treated mice also showed dose-dependent decreases in the mRNA expression of hepatic tissue ACC1, adipose tissue leptin, C/EBPα, C/EBPβ, and SREBP1 and dose-dependent increases in the mRNA expression of hepatic AMPKα1, AMPKα2, adipose tissue UCP2, and adiponectin compared with the metformin (250 mg/ kg)-treated group using RT-qPCR analysis (Table 11 ).
DISCUSSION
In this study, we used a high-fat diet mouse model to determine the effects of BH extract intake on hepatic lipid metabolism. Results confirmed improved mRNA levels of ACC1, AMPK α1, AMPK α2, adipose tissue Leptin, UCP2, Adiponectin, C / EBP α, C / EBPβ, and SREBP1c.
The major cause of NAFLD is known to be obesity 21 , and efforts to reduce type 2 diabetes and fat mass for the prevention and treatment of NAFLD have been recommended 22,23 . Our results showed that BH extract intake significantly lowers serum insulin levels and fat mass and that BH extract 200 mg/kg-treated mice had similar insulin levels and had inhibited increased fat weight, similar to the metformin 250 mg/kg group. BH extract has been identified as a potential candidate for NAFLD prevention and treatment. The most bioactive component (predominant anthocyanin) of BH extract is cyanidin-3-glucoside (C3G) 24, 25 . C3G ingestion is known to improve obesity and triglyceride metabolism by increasing phosphorylation of adenosine monophosphate protein kinase in skeletal muscle and visceral adipose tissue 26 . In addition, in an in vitro study 27 , C3G was also shown to reduce the amount of reactive oxygen species produced in adipo- cytes, suggesting that it affected serum insulin levels and fat mass changes in this study. Although our results did not confirm the direct effects on Nrf2 expression and nuclear translocation upon increased AMPK activity by BH extract ingestion in this study, we found that, using a reporter gene assay for BH extract-dependent Nrf2 expression, in our recent in vitro study 12 the expression of the reporter gene (luciferase activity) was increased in a dose-dependent manner. Therefore, we hypothesized that the contribution of mediating activation of AMPK by BH extract improves NAFLD through bettering hepatic lipid metabolism. Our expectation was due to the strong antioxidant response due to high vitamin C content, total phenolic content, and total anthocyanin in BH 7 . In particular, NAFLD is characterized by the accumulation of TG in the liver 2 . In this study, BH extract showed a dose-dependent effect of decreasing total cholesterol and LDL-cholesterol as well as TG, as well as increasing HDL-cholesterol, suggesting a fundamental improvement of NAFLD. In our study, we could not confirm the activation of lipoprotein lipase in adipocytes by BH extract ingestion. However, increased expression of AMPK α1 and AMPK α2 in hepatic tissue after BH extract ingestion showed the possibility of lipoprotein suppression in adipocytes. Therefore, changes in cholesterol may be considered to have occurred. Although not the same BH extract was used in this study, the NA-FLD improvement effect of Kim and Colleagues 10 using a similar BH extract also showed a dose-dependent decrease in TG, total cholesterol, and LDL-cholesterol and an increase in HDL-cholesterol. In addition, changes in gene expression related to lipid metabolism from adipose tissue were also confirmed, suggesting that the potential for hepatic lipid metabolism activity is clear. Wu and colleagues 9 compared the study of Kim et al. 10 with a highfat diet as well as a combination of carbon tetrachloride (CCL4) to induce nonalcoholic steatohepatitis (NASH). As a result, they reported that the effect of TG reduction according to BH extract complex intake was the same. Based on these findings, it would be clear that the improvement of NAFLD is due to the reduction of lipid metabolism through BH extract injection.
We have confirmed the down-regulation of lipid peroxidation and inflammation by down-regulation of FoxO1 and HO-1 in NASH due to Nrf2 up-regulation by polyphenols from BH as the mechanism of NAFLD improvement by ingestion of BH extract. Based on these results, we accepted the previous study's claim that ingestion of BH extract was effective in improving NASH 9 . We studied the changes in Nrf2 up-regulation and antioxidant enzyme expression using Korean BH and Chinese BH through in vitro studies undertaken before this study. As a result, Korean BH was shown to be superior to Chinese BH 12 . Nrf2 behaves identically to the increased antioxidant enzyme expression. In our study and in that of Kim et al. 10 , lipid peroxidation decreased after BH extract ingestion, and the antioxidant defense system was increased, suggesting that Nrf2 activation could be up-regulated. Interestingly, Kim et al. 10 reported that BH extract 400 mg/kg intake reduced lipid peroxidation and increased antioxidant defense system similar to metformin 250 mg/kg intake, which confirms the excellent beneficial results of Korean BH intake. The present study showed that BH extract intake by 200 mg/kg showed the same results, confirming its competitiveness in terms of drug and economic efficiency.
We confirmed that Nrf2 activation was induced during AMPK phosphorylation and the occurrence of AMPK phosphorylation by BH extract ingestion is thought to be activated by Nrf2 by increased antioxidant enzyme expression. Thus, it is predicted that BH extract intake affects liver steatosis changes followed by a high-fat diet. These predictions were made in a previous study 10 , with increased antioxidant enzyme expression and hepatic tissue AMPK phosphorylation after BH extract ingestion, and our results were similar to those of previous studies.
In conclusion, we investigated the effects of a high-fat diet on obesity risk factors, NAFLD risk factors, and antioxidant enzymes when BH extract was used in mild diabetic obese mice and directly compared these effects with a metformin 250 mg/kg treatment as an AMPK activator. BH extract ingestion for 12 weeks improved lipid metabolism, lipid contents, and liver enzymes. The decrease in lipid peroxidation and the increase in the antioxidant defense system were also observed to be dose-dependent according to BH extract intake. These results are mediated through AMPK up-regulation in BH extract ingestion. The change in lipid metabolism gene expression was observed in adipose tissue through increased AMPK phosphorylation in hepatic tissue, suggesting that the hypothesis of this study is reasonable. Specifically, the results shown in the 200 mg/kg of Korean BH extract treatment were similar to that of metformin 250 mg/kg treatment and showed the possibility of competitive economic efficiency and comparable effects indicated in the previous study.
